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Hippocratic OathThe management of patients with asymptomatic abdom-
inal aortic aneurysms (AAAs) is focused on the avoidance of
rupture, which is associated with very high mortality.
Therefore decision-making must balance the risk of rupture
against the risk of prophylactic surgery. Therefore, in order to
correctly manage patients, it is essential to quantify these
risks. Randomised trial evidence has demonstrated that
there is no beneﬁt in repairing AAAs <5.5 cm in diameter,
either by open or endovascular means.1 Although these trials
were conducted in men and women, as in most other
randomised trials in cardiovascular disease, women wereunder-represented. However, from the trial with the highest
proportion of women, women appeared to be at increased
risk of aneurysm rupture.2 Recent evidence synthesis from
the RESCAN project has conﬁrmed the increased risk of
rupture in women with small (<5.5 cm) AAA compared with
men.3 It is this ﬁnding that prompts the question of this
debate: “Should women be offered surgery at a lower AAA
diameter threshold than men?”. Answering this question
requires knowledge of (i) the risk of AAA rupture at speciﬁc
diameters; (ii) mortality after open and endovascular repair
at speciﬁc aortic diameters; and (iii) the proportion of
women anatomically suitable for endovascular repair and
then must be set in the context of the proportion of women
who are physiologically ﬁt enough for any repair (Fig. 1).
Figure 1. Simplistic model of clinical decision algorithm for women with small abdominal aoric aneurysms (AAAs). Data for operative
mortality rates based on Mehta et al. and rupture/surveillance rates/times based on RESCAN data.7,15 Note. OR ¼ open repair;
EVAR ¼ endovascular aneurysm repair.
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The majority of evidence about the size at which the repair of
small AAAs (3.0e5.5 cmdiameter inmen andwomen)maybe
beneﬁcial is based on the use of external diameter mea-
surements, whether by ultrasonography or computerised
tomography (CT).1 The speciﬁcation of how aneurysm
diameter is measured is very important, but not always re-
ported fully.4 For the purposes of this debate, we deﬁne the
reference diameter by anterioreposterior external diameters
measured by ultrasonography. Equivalent CT diameters,
which can be measured in other orientations, may be larger
than the reference diameter, while internal diameters
measured by ultrasonography will be smaller than the
reference diameter by 0.3e0.5 cm.5 Today, in some health-
care systems, it is becoming standard practice to use inner to
inner or leading-edge to leading-edgemeasures for reporting
AAA diameter: clinical decisions for patients based on such
measurements should use intervention thresholds up to
0.5 cm smaller than external diameter thresholds.
SEX-SPECIFIC RUPTURE RATES
As the normal diameter of the aorta is smaller in women
than in men, it might be anticipated that AAA rupture
would occur at smaller aneurysm diameters in women.However, there is very little robust evidence regarding the
diameter-speciﬁc rupture rates of small AAA in women.
There are no large prospective studies of women with small
AAAs with accurate ascertainment of cause of death. Brown
et al. demonstrated a statistically nonsigniﬁcant fourfold
higher risk of rupture for women with AAAs between 5.0 cm
and 5.9 cm in diameter in a moderately sized prospective
study.6 The RESCAN data were gathered mainly from pro-
spective observational studies, but similarly demonstrates
that women with AAAs <5.5 cm in diameter have a fourfold
higher rate of AAA rupture than men.3 However, this is
based on a small number of rupture events in both men
(178 events in 13,728 patients) and women (49 events in
1,743 patients),7 with 28 of the female ruptures occurring in
480 women from a single study.8 In RESCAN,7 women with
AAAs between 5.0 cm and 5.5 cm in diameter had an
annual risk of rupture of 2.97% (95% conﬁdence interval [CI]
1.59e5.54). The same estimate for men was 0.64% (95% CI
0.43e0.95). These data suggest an increased rupture rate
for women with AAAs of 5.0e5.5 cm in diameter but the
limitations of these studies (owing to small numbers of
events and hence lack of power) underline the need for
actual evidence in this area. In addition, there is limited
evidence that statins may reduce the risk of aneurysm
Figure 2. Best evidence available statistical simulation of short-/
medium-term outcomes (aneurysm-related mortality/rupture) in
women with small (50 mm) AAAs based on best available evi-
dence. Errors of estimates not shown and aneurysm-related
postoperative events/mortality not included in endovascular
aneurysm repair (EVAR) or open repair (OR) models owing to lack
of data.
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lower in women than men.9e12
SEX-SPECIFIC OPERATIVE MORTALITY RATES FOR ELECTIVE
SURGERY
Women undergoing elective aneurysm repair are older
than men and most of the evidence suggests that they
have worse operative and longer-term mortality rates than
men after elective AAA repair. This is likely to be true for
both open surgical repair and EVAR. For instance, for open
repair, recent analyses of large-scale databases from the
USA have shown that women (compared with men) have
between a 1.3-fold to 2.0-fold increased 30-day mortal-
ity.13 Similarly for endovascular repair, women have a 1.7-
fold increase in 30-day mortality, with absolute risk
increasing by up to 2.2%. These data are backed up by
evidence from single-centre case series and meta-analyses
of such series, which suggest that for open repair 30-day
mortality rates in women are between 1.2-fold and 1.5-
fold worse than in men, with an absolute risk increase
of between 1.0% and 2.5%.14,15 For endovascular repair,
single-centre series suggest a 1.9e3.3-fold increased 30-
day mortality risk in women.13e16 Unpublished data
from the EVAR 1 trial also showed that women had a 1.8-
fold increase in 30-day mortality, although this narrowly
failed to achieve statistical signiﬁcance (p ¼ .06). The
perioperative risk assessment tool developed by Grant
et al.,17 based upon a large series of AAA repairs from the
UK, also shows twofold higher mortality for women un-
dergoing both open and endovascular repair (C.N.
McCollum, personal communication).
The abovementioned data consider all patients undergo-
ing AAA repair, both open and endovascular repair, irre-
spective of aneurysm size. Although some data indicate that
patients with smaller AAAs have better perioperative out-
comes and are more often suitable for EVAR,18,19 therefore
having lower short-term risk, this has not been demonstrated
for women. Some indirect evidence exists from the four
small aneurysm trials in which mortality according to cate-
gories of AAA diameter <5.5 cm is reported. In these studies
the observed mortality rates for patients (men and women)
with small AAAs do not appear to be signiﬁcantly different
from those observed in other studies of large AAAs.1,14,20,21
SEX-SPECIFIC SUITABILITY FOR ELECTIVE ANEURYSM
REPAIR
Increasingly, there is reluctance to offer elective repair to
patients considered to be at high risk of operative mortality.
Both the physiological ﬁtness and the aortic anatomy need
to be considered.
There is evidence to suggest that women are less likely to
be anatomically suitable for endovascular aneurysm repair
(EVAR) than men, independent of AAA size.22 Case series
demonstrate that the proportion of women who undergo
EVAR is lower than men,23,24 and while this is only a proxy
for anatomical suitability, given the higher burden of car-
diovascular and pulmonary disease in women,25 it would beexpected that EVAR should be available to a higher pro-
portion of women than men. Advances in endograft tech-
nology may enable EVAR to be used in a greater proportion
of women than previously possible (and thus reduce overall
short-term surgical mortality)26 but there is no direct evi-
dence of this effect at this point in time.
Cardiovascular and pulmonary comorbidities are more
prevalent in women than men with AAAs.27e29 This is likely
to inﬂuence both operative mortality and intervention
rates. For elective surgery there is very limited evidence
that nonintervention rates may be higher in women (partly
owing to poor physiological ﬁtness in women).30 For
emergency surgery, there is a strong bias against offering
repair to women.31INTEGRATING THE EVIDENCE
The balance of current evidence shows that women with
small AAA are usually older than men with small AAAs and
have an increase in both rupture risk and operative mor-
tality risk after elective repair. A simulation of survival
outcomes, based on the best available evidence at this time,
suggests that for women with aneurysms of 5.0e5.5 cm in
diameter (based on external aortic diameters) there is an
early survival gain associated with surveillance rather than
immediate repair (Fig. 2). Offering elective surgery to
women with an AAAs between 5.0 cm and 5.5 cm in
diameter might result in short-term harm. Therefore, there
is no current evidence to support offering elective surgery
to women with AAAs with external diameters of 5 cm.
However, there is a clear need to integrate the available
evidence into a better decision-making model. The model-
ling will be complex and include the physiological ﬁtness of
women with small AAAs, their anatomical suitability for
EVAR, and nonintervention rates for both elective and
emergency aneurysm repair.
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It appears that any excess rupture risk in women (vs. men)
with AAAs of 5.0e5.5 cm diameter is offset by an increase
in operative mortality and therefore there is no convincing
evidence or argument that women with 5-cm diameter
aneurysms should be offered early elective repair.REFERENCES
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Division of Vascular Surgery, London Health Sciences Centre & Western University, 800 Commissioners Road East, Room E2-119, London, ON N6A 5W9, CanadaThe evidence for reducing the diameter threshold for
elective intervention in asymptomatic women with
abdominal aortic aneurysms (AAAs) to 5.0 cm is that (i)
women have signiﬁcantly narrower aortas (compared with
men), so that the diameter of an AAA requiring intervention
should be smaller; (ii) comorbidities (risks) increase with
age, meaning it is better to intervene at an earlier age (size)
in order to reduce operative mortality; (iii) if rupture occurs,
women face higher mortality rates than men; and (iv) data
from randomised and nonrandomised studies suggest that
women rupture their AAAs at slightly smaller diameters
than men (5.0 cm). Advocates for reducing the diameter
threshold to 5 cm concede that women incur higher peri-
operative mortality rates (compared with men), but that
mortality rates after elective open repair (OR) or endovas-
cular aneurysm repair (EVAR) are several magnitudes lower
than the mortality associated with the treatment of
ruptured AAA.
Advocates for leaving diameter thresholds unchanged
argue that while some of the points (raised above) have
evidential support, there are important confounding issues:
(i) women were under-represented in the trials, which
were never powered to perform subgroup analyses
regarding sex; (ii) data suggesting that women may be
rupturing at slightly smaller aortic diameters are statisti-
cally weak (small number of events in a small number of
patients) and might represent a type II statistical error; (iii)
even if women did rupture at slightly smaller aortic di-
ameters, any potential beneﬁt through early intervention
would be negated by the twofold excess mortality rate
following elective EVAR or OR.So which side wins? One (undiscussed) issue remains the
historical selection of 5.5 cm as the diameter threshold for
intervening in the ﬁrst place. The choice of 5.5 cm was not
based upon science, but upon the equipoise of those sur-
geons who were prepared to randomise patients with AAAs
of 5 cm, 5.5 cm, or 6.0 cm in diameter. At the time, the
consensus was 5.5 cm, but this “one size ﬁts all” mea-
surement was never designed to deliver optimal diameter
thresholds for men as opposed to women. Moreover,
because some European and US guidelines now tacitly
support “consideration” for elective interventions in women
with 5.0e5.5-cm diameter AAAs, the vox populi interpre-
tation is likely to be that this is reasonable.
However, there are important caveats for those surgeons/
interventionists who advocate elective interventions in
women with 5.0-cm AAAs. First, they need to be very clear
about which diameter measurement method they are using.
Those measuring inner-to-inner AAA diameter using ultra-
sound will document diameters 4e5 mm less than if the
outer-to-outer measurement method is used. However, if
computed tomography is used to measure an outer-to-outer
diameter, this will then be 4e5 mm greater than the corre-
sponding ultrasound measurement (and up to 1 cm greater
than any inner-to-inner ultrasound-derived measurement).
Second (and at the very least), there should be no talk of
“time bombs” during the consent process, and women with
5-cm AAAs under consideration for surgery need to be
informed about the underlying controversy. Put simply,
there should be no rush towards performing EVAR/OR in
women with 5-cm AAAs. Like it or not, they do face a higher
morbidity/mortality (than men) and it is incumbent on the
